The growth profile of Bacillus cereus in ready-to-eat (RTE) food products of animal origin was examined under different temperature and incubation conditions. In sandwiches and Kimbab, B. cereus did not grow or exhibited only minimal growth at 4 and 10 o C, but it grew rapidly at ambient temperature. In sandwiches, B. cereus did not grow efficiently at 25 o C, however, in ham, the main ingredient of sandwiches, B. cereus growth was observed at the same temperature, with bacterial levels reaching 7.94 Log CFU/g after incubation for 24 h at 25 cereus. Among the 13 tested food items, 6 items including ham were found to be contaminated with B. cereus. Of these ingredients, B. cereus isolates from 3 items produced enterotoxins. None of these isolates harbored the emetic toxin-producing gene. The findings of the present study can be used for risk assessments of food products, including ham and cheese, contaminated with B. cereus.
Introduction
Although substantial progress has been achieved in the food industry and in food safety management, the incidence of food poisoning remains a major problem in this industry in terms of social and economic losses. Animalderived food products have been the primary cause of food poisoning outbreaks in Korea for the last 11 years (Bahk, 2009) , and recently, in line with the increased consumption of ready-to-eat (RTE) foods, the incidence of food poisoning related to these foods has increased (Bahk et al., 2007) . Kimbab and sandwiches are the most common RTE foods in Korea, and ham and cheese are their major ingredients.
Bacillus cereus is a soil-borne microorganism that is widely distributed in the natural environment (soil, water, and dust); and therefore, is also found in foodstuffs of vegetable and animal origin. Many investigators have reported that B. cereus is a contaminant of not only raw meat (Johnson, 1984; Nel et al., 2004) , but also processed meat products (Sooltan et al., 1987; Nortjé et al., 1999) . Psychrotrophic strains of B. cereus can also contaminate refrigerated foods, such as RTE foods. Some strains of B. cereus can grow at temperatures below 10 o C. These strains have mainly been isolated from dairy products (Andersen Borge et al., 2001; van Netten et al., 1990) .
B. cereus is difficult to eliminate from foodstuffs and food-processing systems because it forms spores that are ubiquitous and highly resistant to adverse conditions such as heat, dehydration, and other physical stresses (Andersson, 1995; Doan and Davidson, 1999; Larsen and Jør-gensen, 1999 In this study, we examined the growth patterns and toxigenicity of B. cereus in foodstuffs of animal origin, such as ham and cheese, in RTE sandwiches and Kimbab, and analyzed these ingredients to identify the major sources of B. cereus contamination and thereby improve the management of B. cereus contamination of RTE foods.
Materials and Methods

B. cereus strains
To choose the strain of B. cereus used for generating growth pattern and analyzing toxin production according to differences in temperature and growth matrix, the toxin production of five B. cereus reference strains (ATCC 11778, KCTC 1092, KCTC 1094, KCTC 1013, and KFRI 181) was tested. The diarrhoeal type B. cereus enterotoxin test kit (RPLA kit; Oxoid, England) was used to examine toxin production according to the manufacturer's instructions as described in Fig. 1 . Among the five strains tested, B. cereus KTCT 1013 was selected for use in the remainder of the experiments.
Food materials for the growth profile of B. cereus After testing a variety brands of sandwich and Kimbab samples, those found to be uncontaminated with viable microorganisms were chosen as matrices for generating growth patterns for B. cereus. Chosen sandwiches and Kimbab not inoculated with bacteria were served as samples for each experiment.
Growth profile of B. cereus B. cereus KTCT 1013 was grown in tryptone soya broth (Oxoid) for 20 h prior to inoculation. B. cereus (1-2×10 3 CFU/g) was used to inoculate a slice of Kimbab (20 g) and it was left for 20 min to be absorbed. For the sandwiches and sandwich ingredients (ham and cheese), 1-2× 10 3 CFU/g of B. cereus was inoculated onto 20 g of sandwich slice or ingredients, which were left for 20 min to be absorbed. The inoculated samples were homogenized with 180 mL of sterilized saline (0.85%) by stomaching (Stomacher 400, UK) for 2 min. Then, the samples were serially diluted and inoculated onto mannitol-egg yolkpolymyxin agar (Oxoid), and incubated for 24-48 h at 35 o C. Following incubation, pink colonies surrounded by a zone of precipitation were counted and selected for identification by BBL-crystal Gram-positive (GP; Becton Dickinson, USA) analysis and 16S rDNA sequencing. The growth and toxin production of B. cereus in Kimbab and BHI broth (Oxoid) was analyzed at 4, 10, 25, and 30 o C. Incubation times were 0, 3, 6, 9, 12, 18, and 24 h. For sandwiches and sandwich ingredients (ham and cheese), the growth was analyzed at 10 and 25 o C for 0, 3, 6, 9, 12, 18, and 24 h. At each time point, the number of viable cells was counted and toxin production was analyzed.
Examination of B. cereus contamination in RTE ingredients
To examine contamination sources of ingredients, three different food processing companies in Korea (A, B, and C) were selected and collected ingredients used for Kimbab (rice rolled in dried laver) and sandwiches. The 13 ingredients (n=37) of Kimbab and sandwiches are including ham, cheese (for both Kimbab and sandwiches), dried laver, steamed rice, carrot, pickled radish, cucumber, tuna, bread, lettuce, dried gourd, salad and tomato. The level of B. cereus contamination of each ingredient was determined as follow; 20 g of samples were homogenated with 180 mL of sterilized sarline (0.85%) for 2 min, then the samples were serially diluted and inoculated onto mannitol-egg yolk-polymyxin agar (Oxoid), and incubated for 24- 
Toxigenicity of B. cereus isolates
The samples were prepared by inoculating a loopful of biomass from a 24 h culture on tryptone soya agar (Oxoid) into 10 mL of brain heart infusion (BHI, Oxoid) broth, incubated for 16-18 h at 35-37 o C. Analysis of enterotoxin production was conducted using the RPLA kit according to the manufacturer's instructions as described in Fig. 1 . PCR was performed to detect the emetic toxin gene. The primer set and the PCR conditions for detection of the emetic toxin gene were as described by Toh et al. (2004) . The PCR primers used were BE F (5'-ACTTAGATGATGCAAGACTG-3') and BE R (5'-TTC-ATAGGATTGACGAATTTT-3'). PCR amplification was performed in a reaction volume of 30 µL containing 3 µL MgCl 2 , 3 µL 10 × buffer, 2 µL dNTPs, 0.1 µL Taq polymerase, 1 µL each of the forward and reverse primer in 19 µL Milli-Q water, and 1 µL of DNA was included in the reaction volume. The amplification was performed using 30 cycles, each consisting of 10 s at 94ºC, 20 s at 50ºC, and 80 s at 72ºC, with a final extension step at 72ºC for 7 min. PCR products were analysed by gel electrophoresis in 1% (w/v) agarose gels in TBE buffer and visualized by staining with ethidium bromide.
Statistical analysis
All experiments for growth profile of B. cereus were replicated three times. Statistical analysis (ANOVA) of data was performed using the SigmaStat 2.03 program (SigmaAldrich, USA). Duncan's multiple range test was used to analyze the statistical significance of the means.
Results
Analysis of B. cereus growth profile and toxigenicity in RTE foods Among the strains tested, such as B. cereus ATCC 11778, KCTC 1092, KCTC 1094, KCTC 1013 and KFRI 181, B. cereus KTCT 1013 showed the highest toxin pro-duction (data not shown) and was selected for inoculation.
As illustrated in Fig. 2 (Fig. 2) . No toxin production was detectable in the bacteria grown at 4 and 10 o C; the samples were negative for toxin production at all stages tested until 24 h. However, at 25 and 30 o C, all samples started to produce toxin after 12 and 9 h, respectively (Fig. 2) . In comparison, when B. cereus was grown in BHI broth, toxin production was similar to that in Kimbab at 4, 10, and 25 o C. However, in BHI at 30 o C, B. cereus began producing toxin after 12 h, which was later than in Kimbab (data not shown).
, B. cereus grew only slightly in
B. cereus did not grow rapidly in sandwiches at 25 o C. As illustrated in Fig. 3 , there was no significant growth of B. cereus in the sandwich during 24 h of storage at 10 o C (p>0.05), whereas there was slight growth in Kimbab under these same conditions. Even though the growth rate of B. cereus in sandwiches was significantly different at hour-0 versus hour-12 at 25 o C (p<0.05), the number of B. cereus increased only from 3.80 Log CFU/g (inoculation concentration) to 3.98 Log CFU/g. Therefore, to determine the ingredients that posed a greater risk for bacterial contamination, the growth patterns of B. cereus in the most frequently used ingredients for sandwiches and Kimbab such as ham and cheese were examined (Fig. 4) . In the ham, there was no change in number of B. cereus after the inoculation of 3.32 Log CFU/g at 10 o C. However, at 25 o C, the growth rate of B. cereus increased rapidly between 6 and 9 h and the number of B. cereus increased from 3.72 Log CFU/g to 4.08 Log CFU/g, ultimately reaching 7.94 Log CFU/g at 24 h representing the higher level of growth of B. cereus than cheese (Fig. 4) . In contrast, B. cereus did not grow in the cheese regardless of incubation temperature (Fig. 4) .
In whole sandwich samples, B. cereus grew only to the level of 3 Log CFU/g and did not produce enterotoxin in any stage, thus it was not possible to evaluate toxin pro- In same sample with different superscripts are significantly different (p<0.05). + or -means the toxin-production of B. cereus. In same sample with different superscripts are significantly different (p<0.05). In same sample with different superscripts are significantly different (p<0.05). + ormeans the toxin-production of B. cereus. duction according to the growth of B. cereus in sandwiches (Fig. 3) . Therefore, we evaluated toxin production in ham, which supported the greatest B. cereus growth of all sandwich ingredients (Fig. 4a) . There was no enterotoxin production detected when the samples were grown at 4 or 10 o C for 24 h. However, at 25 and 30 o C, all samples started to produce toxin by 18 h.
B. cereus contamination in food ingredients of RTE foods
To determine the sources of contamination of ingredients, we visited three food companies and collected 13 ingredients (n=37) of Kimbab and sandwiches and evaluated B. cereus contamination in those samples. Isolates from samples were confirmed as B. cereus-positive after BBL-crystal GP analysis and sequencing showed 99% similarity to B cereus (data not shown). B. cereus was detected in ham and bread used for sandwiches and in cucumber, carrot, and laver for Kimbab ( Table 1) .
Toxigenicity of B. cereus isolated from food ingredients of RTE foods
The results of enterotoxin production evaluation and screening for the presence of the emetic toxin-producing gene in the Bacillus strains isolated from food ingredients are shown in Table 2 . B. cereus isolates from ham didn't produce enterotoxin. However, all B. cereus isolates from cucumber collected from two different companies and one isolates from bread produced enterotoxin. There is no commercially available kit that screens for the presence of emetic toxin. Therefore, PCR amplification was used to detect the emetic toxin-producing gene; however, none of isolates was found to harbor this gene (Fig. 5) .
Discussion
We examined the growth profile, contamination sources, and toxigenicity of B. cereus from ham and cheese in RTE sandwiches and Kimbab in order to identify control point to minimize B. cereus contamination and improve food safety management. Because of the ubiquitous nature of this organism, B. cereus can contaminate raw meat exposed to sources such as soil, hide, equipment, and personnel (Nel et al., 2004) . Further, meat products containing additives such as spices, seasonings, proteins, cereus isolated from food ingredients of Kimbab (1, rice from company C; 2, dried laver from company B; 3, dried laver from company C; 4, cucumber from company A; 5, cucumber from company C; 6, carrot from company B); 7-9, B. cereus isolated from food ingredients of sandwich (7, bread from company A; 8, bread from company C; 9, ham from company B).
starch, and colorants are more likely to be exposed to B. cereus because these additives have also been shown to be contaminated with B. cereus (Shinagawa et al., 1988) . In this study, we identified 2 main control points for preventing food poisoning by B. cereus contamination of RTE sandwiches and Kimbab. The first point of control is the storage and delivery temperature of foods, which must be rigorously maintained. We found that if the storage temperature is maintained below 10 o C, B. cereus does not grow efficiently, whereas it grows rapidly at temperatures above 25 o C (Fig. 2 and Fig. 4a ). Only 1 company among the 3 that we visited used a cold system for the entire Kimbab and sandwich preparation process. The second point of control is the initial pathogen contamination level. Because B. cereus can survive at 4 o C, the bacteria can begin to multiply if the storage conditions are changed to those more conducive to its growth. In sandwiches, the growth rate of B. cereus was very slow at 25 o C (Fig. 3) , in contrast to its growth rate in Kimbab (Fig. 2) . However, at 25 o C, B. cereus grows efficiently in ham, one of the main ingredients of sandwiches (Fig. 4a) . Therefore, it is important to control the initial contamination levels of the ingredients used to prepare RTE sandwiches and Kimbab.
Our data showed that the ingredients of sandwiches and Kimbab, including ham, steamed rice, bread, dried laver, cucumbers, and carrots, were contaminated with B. cereus. In food poisoning, the infective dose of diarrheal B. cereus ranges from 4 to 11 Log CFU/g (or mL; Granum and Lund, 1997), and in emetic food poisoning, the infective dose of B. cereus ranges from 3 to 10 Log CFU/g (or mL; Lund, 1990) . It is generally thought that any food product with a B. cereus concentration exceeding 4 to 5 Log cells or spores/g (or mL) is unsafe for consumption (Beattie and Williams, 2000; Granum, 2002) , although foods with B. cereus concentrations higher than these values have been consumed without incident (Häggblom et al., 2002; Notermans and Batt, 1998) . Therefore, even though none of sample was contaminated at a level higher than 4 Log CFU/g, the products cannot be described as safe. If the storage temperature is not properly controlled, B. cereus can multiply and produce toxins.
The toxin-producing strains of B. cereus must be managed carefully because B. cereus can produce emetic toxin and 5 types of diarrheal toxins (enterotoxins; Granum, 2002) . There are 2 commercial immunoassay kits available for detecting enterotoxins. The test kit for enterotoxins produced by diarrheal type B. cereus (RPLA kit; Oxoid) is specific for the HblC (L 2 ) component, whereas the Bacillus Diarrhoeal Enterotoxin Visual Immunoassay kit (BDE kit; Tecra) detects mainly the NheA (45-kDa) protein (Granum and Lund, 1997) . We used the RPLA kit in this study because Hbl was suggested to be a primary virulence factor in B. cereus diarrhea (Beecher et al., 1995) . We found that enterotoxin production by B. cereus inoculated into Kimbab was faster than that in ham at 25 o C, indicating that differences in the matrix can affect toxin production ( Fig. 2 and Fig. 4a) . However, toxin production may not be correlated to the number of cells. In our study, the B. cereus cell count was higher in ham (7 Log CFU/g after incubation for 12 h at 25 o C and 30 o C) than in Kimbab (~6 Log CFU/g at same temperature) ( Fig. 2 and Fig. 4a ). However, toxin production was faster in Kimbab (after 12 h at 25 o C) than in ham (after 18 h at 25 o C) ( Fig. 2 and Fig. 4a ). Therefore, we concluded that toxin production is related more to the culture medium and temperature than to the cell number.
The results generated from this systematic comparison of B. cereus growth and toxin production in ham and cheese in sandwiches and Kimbab according to storage temperature and time. It was found that ham is important ingredient in the respect of food safety because it supports faster growth of B. cereus than that in Kimbab. The growth profiles of B. cereus in ham and chesses, and the evaluation of RTE ingredients as sources of contamination can be used to establish risk assessments for bacilli.
